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Prior art
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Irradiance Transposition

The global effective irradiance incident on a point on a PV sur-
face is the integral (over the complete unit sphere) of the in-
coming spectral radiance L, (0,¢,v) [W/(m?srHz)], from each
particular direction p(6,¢) weighted by the spectral response of
the PV material Sp(v), and by a function g (v) of the incidence
angle between the surface normal uw and the light source p:

27 pwf2 poo
I, = / f / f Lesw (8,6,v) Sp(v) g (7) cos 0 dvddds
0 —mf2J—0

g(v) = |cos| fram (v) , v =cos ! (’PT“)
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Transposition by View Factors

If we assume that all light comes from an underlying far field
radiance distribution, and that we can divide the unit sphere
into a set of patches {s1,so,...,sn} with approximately uniform
effective radiance {L1, Lo, ..., Ly}, we can write:

I ~ é:l / O; Lew i) S2) | Fui (6.003 () a4

mn
Iy = > LjF;=FIL
=1

Where f, ; is the fraction of f.j that is visible from .

We call Fy, = {F1,F>,..., Fy}y the view factors for regions 1 to
n at point w, and Ly = {Ly, Lo, ..., Ly}t the n irradiance compo-
nents at time ¢.
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View Factors by Custom Projection

Typically we set f, ; = 1 for all points A, of the far-field directly
visible from u, and zero otherwise (no reflections*). Then the
view-factors become a function of geometry only:

Fy = /f g (7) dA
SjﬂAu

And it is easy to find a projection function rp(v) that turns this
integral into an area over a plane:

Aj,p = ffdAp = ffg (v) dA
.Sj?pmAu,,p SjnA'u,

dAp =rp (v) drpdé = |cosy| fram () sinydyde
v
2 (y) = fo fram (v)sin2ydy, 0 <~y <7/2
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CDM's as Transposition Model

GHI = 639 kW/m?, kd = 0.45, 5i = 1.8
DTl = 121.5 kW/m?*

1

Empirical Continuous Radiance Distribution Models can be used as-a drop
in replacement for transposition models: 05

A lgawa, Koga, Matsuza & Nakamura (2004)

T Parametrization of s\yd. (gradation x scattering) function in terms of a
aAy Ity R§| @
I Fitted to radiance [W/mz2sr], not luminance [cd/m?2sr]

A Discretizing the model seems like exst@ps, but can reduce
computational effort and memory requirements:

Quadraturepoints : O (u x ¢°)
View — Factors : O (u x n?+ q)
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CDM's as Transposition Model

A NREL's Data for Validating ModelMarion et al. (2014)
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CDM's as Transposition Model

A NREL's Data for Validating ModelMarion et al. (2014)
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CDM's as Transposition Model
A NREL's Data for Validating ModelMarion et al. (2014)

i Cocoa, Florida (28°Hl, 80.3W, 12 mASL, 28 5ilt)

Perez et. al. (1990) Igawa et. al. (2004) - 2560 pts. Igawa et. al. (2004) + dumortier

1400 [ ./ 1400 [ '/ 1400 [ //
~ Ve
2 . - /
7 d i
1200 ,?-;;2’* 1200 - Pt 1200 | ,,;g/‘
MBE = -0.79% MBE = -0.70% MBE = -1.05%
_ RMS = 3.50% A _ RMS = 3.43% CwE _ RMS = 3.58% ;
NE 1000 y s NE 1000 - —3 s NE 1000
2 2 2
— B800+¢r — 800+ — 800+
[ = =
1G] 5] (G}
T 600f g 600" T 600+t
0] I T ]
3 Al k] v 3
= 400¢ - e = 400+ = 400
2000 @ 200 g 200
0 500 1000 0 500 1000 0 500 1000 >
Measured GTI [W/m?] Measured GTI [W/m?2] Measured GTI [W/m?] ‘ -
-~

. .. Martin Herrerias Azcué (HLRS) - 24.06.2020



Effect of discretization?

A Integration errors isotropic perez dumortier oo
increase with patch size and :
steeper gradients

A Sign of bias ~ gradation
rbl2 rbl6 rb24 tin40
A Final transposition error (no
shading!) rather
insensitive to anything above ~10

Sky reglons . rb32 bucky eko tinl60

A Moving circumsolar regions
don't seem to reduce error,
except in simplest cases
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Effect of discretization (cont.)
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